Background: Muscle injury is the most common injury type in professional soccer players. Despite this, risk factors for common lower extremity injuries remain elusive.
Muscle injuries are very common in soccer, representing up to 37% of all time loss injuries at men's professional level. 1, 10, 20, 24 In a recent study in European professional soccer, it was shown that a club with a 25-player squad can expect 15 muscle injuries each season and that muscle injuries accounted for more than one-fourth of all layoff time from injuries. 9 Injuries to 4 major muscle groups of the lower extremity-adductors, hamstrings, quadriceps, and calf-account for more than 90% of all muscle injuries in professional soccer. 9 To establish prevention programs it is important to identify risk factors associated with the occurrence of injury, preferably using analysis accounting for the multifactorial causes of injury. 33 Some, but not all, intrinsic risk factors identified for lower extremity muscle injury include previous injury, 1, 13, 14, 21 older age, 1, 21, 26 poor flexibility, 1, 3, 15, 26, 27, 42 and decreased muscle strength or strength imbalances, 7, 8, 13, 15 but results from different studies are contradictory. Extrinsic risk factors have only been scarcely investigated, but match play has consistently been associated with an increased rate of muscle injury. 9, 13, 14, 21 Fatigue may be a component in the occurrence of muscle injury, since some studies have found that muscle injuries occur more frequently toward the end of matches. 9, 23 Finally, it has been shown that various match factors, such as the type of match, match location (home or away), and match result, may influence general injury rates in professional soccer, 5, 12, 22 but subanalyses of lower extremity muscle injuries have not been reported.
The purpose of this study was to evaluate the effects of various player (intrinsic) and match-related (extrinsic) risk factors on the occurrence of lower extremity muscle injury in male professional soccer.
METHODS

Study Design and Participants
The present study is a substudy of a larger injury surveillance study carried out in European professional soccer in collaboration with the Union of European Football Associations (UEFA). 10 The study had a prospective design and comprised 9 full soccer seasons between July 2001 and June 2010. The cohort included 26 professional soccer clubs from 10 European countries. All players contracted to the first team were invited to participate in the study. Players who left the club during the season (eg, because of transfer) were included until leaving the club. Written informed consent was collected from all included players.
Study Procedure
The study design underwent an ethical review and was approved by the UEFA Football Development Division and the UEFA Medical Committee. The full method and the validation of the study design have been reported previously, 19 and data collection and definitions follow the consensus statement for soccer injury surveillance. 16 All clubs were provided with a study manual containing definitions and describing how to record data, including explanatory examples. Reports were checked monthly by the study group, and feedback was sent to the clubs to correct any missing or unclear data. Player baseline data were collected annually, at the start of each new season or upon joining the club. Individual player participation (minutes) in training and matches was registered by the club contact person on an exposure form and sent to the study group monthly. All club exposures with the first team, as well as any national team or second team exposure for included players, were registered. The club medical staffs recorded injuries on an injury form that was sent to the study group each month. The first team physician was responsible for injury diagnostics. The injury form gave information about the diagnosis, nature, and circumstances of injury occurrence. All injuries resulting in a player being unable to fully participate in training or match play (ie, time loss injuries) were recorded, and the player was considered injured until the club medical staff allowed full participation in training and availability for match selection. Injuries were categorized under 4 degrees of severity based on layoff time from soccer: slight/minimal (0-3 days), mild (4-7 days), moderate (8-28 days), and severe (.28 days). Recurrent injury was defined as an injury of the same type and at the same site as an index injury occurring after a player's return to full participation from the index injury, and early recurrent injury was defined as a reinjury within 2 months after return to play.
In the present substudy, only lower extremity muscle injuries to the adductors, hamstrings, quadriceps, and calf muscle groups were included. The registration of a muscle injury was based on a clinical examination by the club medical staff, often with additional radiological examinations performed, but no specific criteria for examination procedures were sent to clubs a priori. A muscle injury was defined as ''a traumatic distraction or overuse injury to a muscle leading to a player being unable to fully participate in training or match play.'' 9 Contusions, hematomas, tendon ruptures, and chronic tendinopathies were excluded. Injuries with a sudden onset and known cause were categorized as traumatic, and those with a gradual onset and no known trauma were considered overuse injuries.
Statistical Analyses
Data are presented as means 6 standard deviations (SDs) and absolute or relative frequencies. An unpaired Student t test was used for group comparisons of continuous normally distributed data and the chi-square test for categorical data. One sample proportional test was used for analysis of proportions of limb dominance and injury occurrence (ambidextrous players excluded from analysis). Injury rates are reported as the number of injuries per 1000 player hours and are compared between preseason and competitive season with rate ratios (RRs) with 95% confidence intervals (CIs), and significance is tested using z statistics.
For the analysis of player-related risk factors, hazard ratios (HRs) with 95% CIs are presented for all independent variables based on simple Cox regression using player as the unit for analysis. Continuous variables were converted to categorical variables (below or above mean) for the analyses. The player-related independent variables were age, stature, body mass, playing position (goalkeeper, defender, midfielder, or forward), and previous muscle injury (adductor, hamstrings, quadriceps, or calf muscle groups) during the preceding season. To reduce the risk of recall bias, previous injury history included only prospectively recorded injuries from the preceding season, meaning that this was not calculated during a player's first season of participation in the study. All independent variables were then included in a multiple Cox regression analysis, and in this analysis we also adjusted for the players' match exposure ratio (match hours/total hours of exposure) since injury rates are higher in matches than in training. 9, 13, 14, 21 For the analysis of match-related risk factors, odds ratios (ORs) with 95% CIs are presented for all independent variables based on simple logistic regression using each first team competitive match (friendly matches excluded) as the unit for analysis. 30 and teams were divided into a ''northern'' group (predominately marine west coast climate) and a ''southern'' group (Mediterranean climate). 41 All independent variables were then included in a multiple logistic regression analysis.
All player-related (Cox regression) and match-related (logistic regression) independent variables were tested for association with the occurrence of muscle injury to the hamstrings, quadriceps, adductors, and calf, in separate analyses for each muscle group. Significance level was set at P \ .05.
RESULTS
Player and Exposure Characteristics
There were 1401 players included, participating in mean 2.3 6 1.7 seasons (range, 1-9; total 3207 player-seasons). Mean age was 25.8 6 4.5 years, stature 182.3 6 6.3 cm, and body mass 77.9 6 7.0 kg. Seventy-six percent (n = 1065) were right-footed, 21% (n = 295) left-footed, and 3% (n = 41) ambidextrous. Playing positions included 140 goalkeepers (10%), 433 defenders (31%), 514 midfielders (37%), and 314 forwards (22%). Players had as a mean 247 6 87 hours of total exposure during a season, with 207 6 73 training hours and 40 6 24 match hours.
Nature of Lower Extremity Muscle Injuries
There were 6140 injuries recorded in total, 2123 (35%) of which were muscle injuries located to the adductors (n = 523), hamstrings (n = 900), quadriceps (n = 394), and calf (n = 306). The nature and circumstances of these injuries are presented in Table 1 . Thirty-four percent (n = 728) were overuse injuries, and overuse injury was more frequent among adductor injuries than in other injury locations (P = .001). Twenty-seven percent (n = 564) of injuries were reinjuries with a preceding identical injury during the study period. Hamstring (30%) and adductor (29%) injuries had a higher reinjury rate than quadriceps (21%) and calf (21%) injuries (P \ .001), whereas no difference was found in early recurrence rates (within 2 months) between injury locations (P = .720). A lower rate of adductor, hamstring, and calf injury was found during preseason compared with the competitive season, whereas quadriceps injury rates were higher during preseason ( Figure 1 ). 
Risk Factors for Adductor Injury
Adductor injuries were more common in the dominant (kicking) leg (56%; P = .015). Simple analysis of playerrelated factors identified 2 significant variables-being a goalkeeper and having previous adductor injury (Table  2 )-and these remained significant in the multiple analysis (Table 3 ). Simple analysis showed that match-related factors associated with adductor injury were other cup match and playing the match away (Table 4) ; away match was significant also in the multiple analysis (Table 3 ).
Risk Factors for Hamstring Injury
No influence from leg dominance was found on hamstring injury (dominant leg 50%; P = .889). According to simple analysis, taller players and goalkeepers were less likely to suffer a hamstring injury, whereas players with previous injury to the hamstrings, quadriceps, and calf muscles were more prone to injury ( Table 2 ). Goalkeeper and previous hamstring injury remained significant in the multiple analysis (Table 3 ). Simple analysis showed that matchrelated factors associated with hamstring injury were away match and playing a match in the fall, winter, or spring periods as compared with preseason ( Table 4 ). The same variables were significant also in the multiple analysis (Table 3 ).
Risk Factors for Quadriceps Injury
Quadriceps injuries were more frequent in the dominant leg (63%; P \ .001). According to simple analysis, goalkeepers had a decreased rate of quadriceps injury, whereas a previous injury to the quadriceps, adductors, or calf muscles increased the rate of injury ( Table 2 ). The same variables were significant in the multiple analysis (Table  3) . Simple analysis identified no significant match-related risk factors (Table 4) , whereas according to multiple analysis, playing UCL matches were associated with a lower odds of quadriceps injury (Table 3 ).
Risk Factors for Calf Injury
Calf injuries were evenly distributed between the legs (dominant leg 52%; P = .521). Simple analysis showed that goalkeepers had a lower rate of calf injury, whereas a higher rate was observed among older players and among players with a previous calf injury, adductor injury, and hamstring injury ( Table 2 ). Multiple analysis identified the same significant variables ( Table 3 ). Of the tested match-related variables, match play in the UCL had a higher odds that a calf injury would occur according to simple (Table 4 ) and multiple analysis ( Table 3) .
DISCUSSION
This study consistently identified previous identical injury as an intrinsic risk factor for muscle injury in male professional soccer players. In addition, previous injury to other muscle groups in the lower extremity increased injury rates, a finding not previously reported in soccer. Goalkeepers had decreased rate of injury in all 4 muscle groups, and older age was associated with an increased rate of calf injury. Match-related factors that influenced injury occurrences included playing a match away (for adductor and hamstring injuries), match play in the competitive season (for hamstring injury), and the type of competition played (for quadriceps and calf injuries).
Player-Related Risk Factors
It has been suggested that player-related factors are most important in the occurrence of muscle injury. 35 One of the most cited risk factors for lower extremity muscle injury in soccer is a previous identical injury, 1, 13, 14, 21 and this was found also in the present study. Players with a muscle injury in the preceding season had increased injury rates of up to 3-fold compared with previously uninjured players. This suggests that preseason evaluation of previously injured players could be of value to reduce injury rates. In 21% to 30% of registered muscle injuries, the player had suffered an identical injury previously during the study period, with 12% to 14% being early recurrences (occurring within 2 months of return to play). The specific risk factors involved in the recurrence of muscle injury have not been clearly established but may be related to the same extrinsic and intrinsic factors that were associated with the initial injury. In addition, factors related to modifications after the initial muscle injury (tightness or weakness, presence of scar tissue, biomechanical alterations, neuromuscular inhibition, etc), as well as questionable treatment options (incomplete or aggressive rehabilitation, underestimation of an extensive injury, etc), may further predispose an athlete to reinjury. 6, 7, 32, 34 Recurrent muscle injuries tend to cause longer layoff than the index injury, 9 and this highlights the need for careful rehabilitation. However, even though structured tests and progressions to determine safe return to play from muscle injury have been suggested, 2,25 these remain to be scientifically evaluated.
Another interesting finding was that a history of previous injury to other lower extremity muscle groups increased the rate of quadriceps and calf injury in the present study by 68% to 91%. Although not previously shown in soccer, similar findings have been demonstrated in 2 previous studies in Australian football. 35, 40 Orchard 35 reported that hamstring injury was associated with past calf injury, calf injury was associated with past quadriceps injury, and quadriceps injury was associated with past hamstring injury, and this author hypothesized that altered running biomechanics due to the initial injury may be a predisposing factor. Similarly, Verrall et al 40 found that a history of knee and groin injury increased the risk of hamstring muscle injury, and they postulated that the biomechanical properties of the lower extremities may change, thereby increasing the risk for further injury. Although speculative, these findings may suggest that inadequate compensations after an initial injury could predispose a player to further injury, and they highlight the importance for clinicians to evaluate injury causation thoroughly and to monitor factors other than pure tissue healing (such as biomechanical evaluation) before allowing a player to return to play after a lower extremity muscle injury. It should also be pointed out that some players may be more injury prone in general, because of genetic, physiological, or psychological factors. It has previously been observed in Swedish elite soccer that injury rates in general increased with the number of injuries a player had sustained in the preceding season. 21 Psychosocial factors, such as risk-taking behavior, life event stress, and trait anxiety, should probably be considered here. 28, 29 Finally, unknown factors contributing to the initial injury event may also influence subsequent injury occurrences irrespective of any increased risk due to the initial injury itself.
Several studies have shown that older players are more susceptible to muscle injury, particularly to the hamstrings. 1, 21, 26, 40 We observed a 2-fold increased rate of calf injury for older players in the present study, whereas no association was seen for adductor, quadriceps, and, perhaps surprisingly, hamstring injury. This inconsistency with previous studies with regard to age and hamstring injury rates could possibly be explained by different study cohorts, such as highest professional level in the current study compared with semiprofessional or elite level in 2 previous studies. 1, 21 The reason why older players may be at risk for muscle injury is unclear, but it has been suggested that age-related changes in older athletes, such as increased body weight and a loss of flexibility, may partially explain the risk increase. 17 We found no influence of body mass or stature on injury rates in the present study in a multiple regression model.
Quadriceps and adductor injuries were more common in the kicking leg, most probably because of a greater volume of shooting and passing/crossing actions with the dominant leg resulting in injury: that is, a greater exposure to highrisk actions. However, it has also been suggested that specific limb preference in soccer players may result in lingering muscle imbalances that could lead to an increased propensity for injury, and altered strength characteristics between the dominant and nondominant leg have been found in soccer players. 39 Correction of muscle imbalances at preseason has been found to decrease hamstring injury rates in soccer players, 8 but its preventive effects need to be verified for other muscle injuries. Finally, goalkeepers had reduced rates of all 4 muscle groups, approximately one-half to one-third in the present study, a finding that remained after adjustment for possible confounders such as player age, stature, and body mass, whereas no apparent differences were seen between outfield playing positions. Although muscle injury rates for different playing positions are seldom reported, our data are consistent with 2 previous studies. 4, 38 In a study of one French professional club, a slight increase in the rate of muscle injury recurrences was found in forwards and defenders compared with defenders and goalkeepers. 4 Data may not be directly comparable with ours, however, since we included both first-time and recurrent muscle injuries in our analyses. Another study reported a lower frequency of hamstring injuries in goalkeepers compared with outfield players in Danish elite players, but injury rates based on actual exposure times were not presented. 38 
Match-Related Risk Factors
Match-related factors, such as match type, playing at home or away, and match result, have been found to influence general injury rates in soccer 5, 12, 22 but showed only marginal associations with lower extremity muscle injury in the present study. Hamstring and adductor injuries were more likely to occur in matches played at home than away, and, possibly, differences in playing style could explain this finding. For instance, a higher degree of ball possession and time situated in the attacking zone of the field has been documented in the home team compared with the away team. 31 Still, it is not clear whether this is linked to an increase in playing intensity or in actions such as number of sprints or passes, and other underlying factors may be involved, for example, higher levels of anxiety at home matches. Influence of match type on injury rates showed inconsistent findings in the present study, where UEFA Champions League matches were associated with an increase in calf injuries and a decrease in quadriceps injuries. No association with adductor and hamstring injuries was observed. The reason for this discrepancy is unclear but could possibly be related to differences in intensity and playing style in different types of competitions. In contrast, a previous study on one French club reported no difference in general injury rates in domestic matches compared with European cup matches, whereas data on muscle injuries were not reported. 5 Overall, match injury rates in soccer are increased several-fold compared with training, 9, 13, 14, 21 but other factors than evaluated here may be of importance. For instance, it has been suggested that fatigue may play a role in the origin of muscle injury in matches, with an observed increase in injury rates toward the end of each half and in the second compared with the first half, 9 which corresponds with a decrease in eccentric hamstring strength as a function of time, and after the halftime interval, found in a laboratory study. 18 Finally, in a previous study it was shown that professional soccer teams from northern Europe had a higher overall injury rate than teams from the southern parts of Europe, 41 but we found no influence of climate region on the rate of lower extremity muscle injury during matches in the present study. This is in contrast to a previous study from Australian football that reported an association between climate factors and muscle injuries in that teams from the northern (warmer) parts of Australia had an increased rate of quadriceps and calf strains. 36 Differences in sport characteristics, as well as climate and/or cultural differences, between the study cohorts could explain this discrepancy.
Other Extrinsic Risk Factors
An increase in quadriceps muscle injury rate (by 40%) was apparent during preseason, which is in line with a previous study from professional soccer. 43 Quadriceps injuries are related to kicking, 35 and an increased number of kicking actions during preseason could possibly explain this finding. Implementation of eccentric training protocols for the quadriceps complex and a gradual increase in the volume of kicking actions during preseason could possibly help reduce the rate of injury. In contrast, injury rates in the other 3 major muscle groups were increased during the competitive season, and for hamstring injuries this trend was evident also in matches. A previous study on English professional soccer players concurs with our data for hamstring injuries, whereas gastrocnemius, adductor, and iliopsoas injuries were evenly distributed between preseason and competitive season in that study. 43 Hamstring injuries in soccer are typically high-speed running injuries 9, 34 and occur more frequently in matches, 9 which could explain the rate increase in the competitive season. The association between season planning and muscle injury was not evaluated in the present study and should be studied further. Eccentric training has shown a positive preventive effect of new and recurrent hamstring injuries 37 and may be considered both during preseason and competitive season. 
Methodological Considerations
A few limitations of the present study should be acknowledged. First, muscle injury, according to our inclusion criteria, constitutes a heterogeneous group including many types of injuries, both structural (partial or total muscle fiber ruptures) and functional (no macroscopic muscle fiber disruption). We used a pragmatic approach to record injuries, and the facts that many different club medical staffs were involved in injury diagnosis, that no specific criteria for examination procedures were sent to clubs a priori, and that radiological verification of muscle injury was not required may decrease the reliability of injury recording. Still, our data from professional soccer clubs are based on clinical data reported by experienced sports medicine practitioners and were often verified with radiological examinations. Muscle injuries with an acute or gradual onset may have different causes, and this was not considered in the present study. In addition, injuries were of different severity (radiological grade), size (of muscle abnormality and/or edema), and location (within the muscle, as well as different muscle groups, eg, biceps femoris), and this was not taken into account in our analyses. A further subgrouping of injuries according to type, location, and dimension of pathological change may help in prognosticating layoff time from sports and reinjury risk 11 but may be useful also when studying risk factors for lower extremity muscle injury. Second, several suggested intrinsic (eg, strength, flexibility, race) and extrinsic (eg, fatigue, warm-up) risk factors for muscle injury were not evaluated in the present study and may interact with the factors identified here. For instance, strength deficits and/or imbalances and decreased flexibility may explain the increased risk from previous injury. 6, 34 Similarly, fatigue may be a factor related to variations in injury rates over the season. Third, in the analyses of match-related factors no attention was given to player lineups. Many top-level clubs rotate squad rosters from one match to the other, and this could contribute to a difference in injury occurrence between different match types. Finally, most of the risk factors examined in the present study were nonmodifiable, for instance, previous injury, age, part of season, and match type. However, knowledge of such factors may still be of value to identify subgroups of players at increased risk of injury as well as to recognize parts of a season and types of exposures where injury is more likely to occur, in order to implement proper preventive measures.
CONCLUSION
Consistent with most previous investigators, we identified previous injury as an important risk factor for lower extremity muscle injury. Interestingly, previous injury to other muscle groups in the lower extremity also increased injury rates, a finding not previously reported in soccer. Even though intrinsic factors may be more important in the occurrence of lower extremity muscle injury, we identified significant extrinsic risk factors for injury including part of the season and match characteristics, with varying injury rates depending on match location and type of competition. More studies on other potential extrinsic risk factors, such as fatigue, match load, and season planning, as well as on modifiable intrinsic risk factors would be of great value to develop further preventive measures and to reduce the overall burden of muscle injury in soccer.
